A novel Gram-stain-negative bacterium, designated strain S8 T , was isolated from a soil sample obtained in Gyeonggi Province, Republic of Korea. Cells of strain S8
The genus Paenibacillus, belonging to the family Paenibacillaceae, originally comprised members of 'Group 3' transferred from the genus Bacillus [1] . Novel species of the genus Paenibacillus have since been identified at a steady rate, with four subspecies and more than 200 species in the genus to date (www.bacterio.net/paenibacillus.html). Members of the genus Paenibacillus are Gram-positive, Gramnegative or Gram-variable, spore-forming and facultatively anaerobic or strictly aerobic. The DNA G+C content of the genus ranges from 39 to 54.9 mol%. The quinone is MK-7 menaquinone, and the major fatty acid is anteiso-branched C 15 : 0 [2] . In this study, we have described a novel species, designated strain S8
T , belonging to the genus Paenibacillus and isolated from soil in Gyeonggi Province, Republic of Korea.
Strain S8
T was isolated from a soil sample collected on the campus of Dongguk University in Gyeonggi Province, Republic of Korea (N 37 40¢ 42.5 † E 126 48¢ 25.3 †; altitude 1500 m). A portion of the soil sample was suspended in 20 ml phosphate buffered saline. The resulting suspension was serially diluted, and 100 µl of each dilution spread onto an Reasoner's 2A (R2A; MB cell) agar plate and incubated at 30 C for 3 days. Single colonies on the plate were purified by transfer onto an R2A agar plate, and incubated for 2 days at 30 C. Strain S8 T was transferred onto a trypticase soy agar (TSA; Difco) plate, where it was maintained after the optimum growth test. The purified culture grown on TSA was preserved as a glycerol suspension (25 %) at À80 C. The reference type strains for comparison, Paenibacillus yonginensis KCTC 33428 T and Paenibacillus physcomitrellae DSM 29851 T , were obtained from the Korean Collection for Type Cultures and the Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures. These strains were maintained on TSA.
The 16S rRNA gene of strain S8
T was amplified using the 27F, 518F, 805R and 1492R universal bacterial primer set [3] . The full sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR) and compared with those of other taxa using the EzBioCloud service [4] . The 16S rRNA sequences of related taxa were acquired from GenBank and edited with the BioEdit program [5] . Multiple alignments were performed with the ClustalX2 program [6] . Phylogenetic trees were reconstructed using three-making algorithms, neighbour-joining (NJ), maximum-parsimony (MP) and maximum-likelihood (ML), in MEGA 7 software [7] by bootstrap analysis with 1000 replicates [8] .
Evolutionary distances for the NJ algorithm [9] were computed in the MEGA 7 program using Kimura's two-parameter method [10] . The results supported the classification of strain S8
T into the genus Paenibacillus (Figs 1, S1 and S2, available in the online version of this article). Sequence comparisons for the 16S rRNA gene further revealed that strain S8
T was most closely related to P. yonginensis DCY84 T (98.8 %), P. physcomitrellae XB T (97.1 %), Paenibacillus timonensis 2301032 T (96.6 %), Paenibacillus barengoltzii NBRC 101215 T (96.5 %) and Paenibacillus faecis CIP 101062 T (96.4 %).
Gram reaction was assessed with the Ryu non-staining KOH method [11] and Gram staining as described by Gerhardt et al. [12] . Formation of endospores was assessed with the Schaeffer-Fulton stain after cell growth on TSA for 3 days. Cell morphology and motility were examined via transmission electron microscopy (Carl Zeiss LIBRA120) and soft agar stabbing (the tube method) after cell growth on TSA for 2 days. Catalase activity was assessed by measurement of bubble production after application of 3 % (v/v) hydrogen peroxide solution. Oxidase activity was determined via oxidation of 1 % (w/v) N,N,N¢,N¢-tetramethyl-pphenylenediamine. Production of indole and H 2 S and Voges-Proskauer reaction were determined by using API 20E system (bioM erieux). Methyl red reaction were determined with methyl red reagent (Sigma) on methyl redVoges-Proskauer broth (Becton Dickinson). Hydrolysis of starch (on TSA containing 1 % starch), Tween 80 (on TSA containing 1 % Tween 80 and 0.02 % CaCl 2 ) and casein (on TSA supplemented with 2 % skim milk) were analysed according to described by Cowan and Steel [13] . Several media were used for growth tests, such as Luria-Bertani (Difco) agar, nutrient agar (Difco), R2A agar and TSA, which were conducted at 30 C for 5 days. T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position. Evolutionary distances were computed using Kimura's twoparameter method and presented as the unit of the number of base substitutions per site. Empty circles indicate that corresponding nodes were also obtained in trees generated with the ML algorithm; filled circles signify that corresponding nodes were also recovered in trees generated with the MP and ML algorithms. Numbers near the nodes indicate the bootstrap values (>60 %) calculated on the basis of NJ/MP/ML tree algorithms and expressed as a percentage of 1000 replicates.
solutions (pH 11.0-12.0). The optimum NaCl concentration for growth was determined in TSA supplemented with 0-10 % (w/v) NaCl (at 1 % intervals) for 5 days. Anaerobic tests were performed using a GasPak jar (BBL). Antibiotic susceptibility was determined by using the Kirby-Bauer disc diffusion susceptibility test [14] . The antibiotics used included ceftazidime (30 µg), cefazolin (30 µg), erythromycin (15 µg; Becton-Dickinson), carbenicillin (100 µg), novobiocin (30 µg), neomycin (30 µg), tetracycline (30 µg), oleandomycin (15 µg), lincomycin (15 µg), and rifampicin (5 µg; Sigma-Aldrich). To determine the biochemical characteristics of the strain, API 20NE, API ZYM, API 32GN and API 50CHB systems (bioM erieux) were employed according to the manufacturer's instructions.
Cells of strain S8 T were Gram-stain-negative, endosporeforming, strictly aerobic and motile by means of peritrichous flagella, rod-shaped, 0.7-0.8 µm wide and 2.5-3.2 µm long (see Fig. S3 ). Colonies of strain S8
T on TSA were round, convex, wavy and white. The strain was positive for catalase activity but negative for oxidase activity. Growth of strain S8
T was observed on all tested media from 25 to 45 C, with optimal growth at 37 C. The pH range for growth was 6.0-11.0, with optimal growth at pH 6.0-8.0. Growth was inhibited by 6 % (w/v) NaCl. Strain S8
T was susceptible to carbencillin, cefazolin, erythromycin, neomycin, novobiocin, oleandomycin, tetracycline and rifampicin, but resistant to ceftazidime and lincomycin. The phenotypic and biochemical characteristics of strain S8
T and other Paenibacillus species are compared in Table 1 .
Extracted total lipids [15] from strain S8
T were examined by two-dimensional thin-layer chromatography (TLC) using two different development solvents, chloroform/methanol/ water (65 : 25 : 4, v/v/v) and chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4 v/v/v/v). TLC results were visualized by spraying the appropriate detection reagents, which were phosphomolybdic acid (Sigma), molybdenum blue spray reagent (Sigma), a-naphthol and ninhydrin onto plates [16] . Our analysis showed that the polar lipids of strain S8
T contained diphosphatidylglycerol, phosphatidylglycerol, two phospholipids, four aminophospholipids, an 
52.9
*Data from: a, [28] ; b, [29] ; c, [30] ; d, [31] ; e, [32] ; f, [33] .
aminolipid and three unidentified lipids (See Fig. S4 ). The major polar lipid pattern of other species of the genus Paenibacillus are diphosphatidylglycerol or phosphatidylethanolamine or both [1, 17] . Cells were harvested from TSA for fatty acid analysis after incubation at 30 C for 1 day. Cellular fatty acids were obtained by saponification, methylation and extraction, as reported previously [18] . The Sherlock Microbial Identification System V6.01 (MIS, database TSBA6, MIDI) was used to analyse the extract. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), and subsequently analysed via high-performance lipid chromatography [19, 20] . The quinone of strain S8
T was MK-7 menaquinone, as in other species of the genus Paenibacillus. The major fatty acid identified was anteisobranched C 15 : 0 , which is common in species of the genus Paenibacillus [2] . Detailed fatty acid compositions of the strains are shown in Table 2 . The peptidoglycan of strain S8 T was analysed as described by Schleifer [21] . The peptidoglycan of strain S8
T was found to contain meso-diamino pimelic acid.
To assess the DNA G+C content and DNA-DNA hybridization, total genomic DNA was extracted and purified following the method of Ausubel et al. [22] . The DNA G+C content of strain S8
T was determined by following a fluorimetric method [23] T and Micrococcus luteus KACC 13377 T were used as calibration references. DNA-DNA hybridization was performed to assess relatedness of the novel isolate with related taxa on the basis of the denaturation principles and equations of De Ley et al. [24] and Gillis et al. [25] and an optimized protocol described by Loveland-Curtze et al. [26] . The extent of DNA-DNA hybridization was determined using the fluorimetric method with real-time PCR. Strain S8
T was found to have 44 and 32 % DNA-DNA hybridization to P. yonginensis KCTC 33428
T and P. physcomitrellae DSM 29851 T , respectively. These values support the conclusion that strain S8
T represents a novel species distinct from related species of the genus Paenibacillus. The G+C contents of strain S8 T , P. yonginensis KCTC 33428 T and P. physcomitrellae DSM 29851 T were 53.1±0.3, 51.0 ±1.0 and 55.2±2.5 mol%, similar to other species in the genus Paenibacillus [27] .
In previous reports, as well as the current study, the characteristics of members of the genus Paenibacillus identified include the presence of diphosphatidylglycerol or phosphatidylethanolamine or both as the major polar lipid [1, 17] , meso-diaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan, anteiso-branched C 15 : 0 as the major fatty acid, and MK-7 as the quinone [2] .
Based on the results of DNA-DNA hybridization, biochemical, phylogenetic and physiological analyses, we conclude that strain S8
T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus mobilis sp. nov. is proposed. 
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